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Rationale

• Human diseases:  GxE

• Gene express differ by genotype

• DNA methylation:  relatively stable control for gene expression (as 
compared histone modification and micro RNA 

• Epigenome: Illumina 450k, 850k (Epic) 

• Altered DNA methylation patterns by environmental factors

• Early days of lives exposure and DoHaD

• G x G x E



Median MEHP (38.9 mg/g c). 
Significant trend was found for AD ＆ LEI

Huang et al., Human Repro 2010



Epigentics





METHODS

• 15-year follow-up birth cohort study: 
•prenatal exposure to phthalate plasticizer associated 

with postnatal health effects
• decreased sex hormone levels

• reduced reproductive organ growth

• increased behavioral problems

• decreased intelligent quotients

• allergic symptoms 

•Archived cord blood DNA samples from 64 mother-
children pairs
• DNA methylation levels at more than 450,000 CpG sites 

measured using Illumina Infinium HumanMethylation450 
BeadChips.
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生物檢體：孕產婦的靜脈血、尿液、胎盤、臍帶血、母乳，兒童的尿液、靜脈血、頭髮





內分泌、生殖發育評估
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Urinary phthalate metabolite concentrations (µg/g creatinine) 

& serum IgE levels (IU/ml) in 8-year-old children

Phthalate 

metabolites 
Maternal urinary phthalate 

a
  

 

 

 
Children’s urinary phthalate at 8 yr

a
  

Allergic children
b
  

(n=72) 

Non-allergic children 

(n=58) 

  Allergic children
b
 

(n=83) 

Non-allergic children 

(n=76) 

MEHP 0.50 (0.02)*  0.24 (0.26)  0.16 (0.34)  0.02 (0.87) 

ΣDEHP 0.20 (0.32)  0.12 (0.51) 0.21 (0.28) 0.11 (0.53)  

MBzP 0.02 (0.94) 0.22 (0.39) 0.01 (0.98) 0.32 (0.02)* 

MEP 0.11 (0.55) 0.43 (0.09)# 0.07 (0.65) 0.20 (0.24) 

 
All data are presented as unstandardized regression coefficient (B) and p-value. 
a Adjusted for gender, and maternal and paternal allergies.
b Children with any kind of allergies indicate children have any allergy including asthma, 

dermatitis, rhinitis and conjunctivitis.

* p<0.05, # p<0.10.    ΣDEHP: MEHP+MEHHP+MEOHP

Ku  et al. 2014



DNA methylation investigation
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• We consider the linear regression

where SV denote the surrogate variable and BS denote 
the bisulfite conversion efficiency.

• We plot Q-Q (Quantile-Quantile) plots for p-value of 
MEOHP over all 62 samples, 24 female samples and 
38 male samples. 

log( / )Methy Unmethy SV batch gender BS MEOHP= + + + +

All samples Females Males

Chen  et al.



Methods

14

DNA methylation in fetus of phthalate exposure



Result
Top 3 genes reported in the EWAS
(Epigenome-Wide Association Study)
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PA2G4 (cg00935782)

RAB7A (cg07630564)

HMGCR (cg07732421)

DNA methylation in fetus of phthalate exposure

Dec 2017



Pathway analysis result
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Gene set NOM P-valc FDR q-vald

HALLMARK_WNT_BETA_CATENIN_SIGNALING 0 0.003

HALLMARK_PEROXISOME 0.002 0.006

HALLMARK_MITOTIC_SPINDLE 0 0.012

HALLMARK_HEME_METABOLISM 0 0.010

HALLMARK_TGF_BETA_SIGNALING 0.005 0.026

HALLMARK_NOTCH_SIGNALING 0.014 0.034

HALLMARK_CHOLESTEROL_HOMEOSTASIS 0.016 0.056

HALLMARK_P53_PATHWAY 0.021 0.084

HALLMARK_ESTROGEN_RESPONSE_LATE 0.026 0.105

HALLMARK_ESTROGEN_RESPONSE_EARLY 0.029 0.104

HALLMARK_UV_RESPONSE_DN 0.038 0.108

HALLMARK_BILE_ACID_METABOLISM 0.065 0.140

HALLMARK_PI3K_AKT_MTOR_SIGNALING 0.056 0.130

HALLMARK_UNFOLDED_PROTEIN_RESPONSE 0.063 0.124

HALLMARK_GLYCOLYSIS 0.072 0.132

HALLMARK_IL2_STAT5_SIGNALING 0.087 0.173

HALLMARK_E2F_TARGETS 0.016 0.201

HALLMARK_MYC_TARGETS_V2 0.057 0.201

HALLMARK_PROTEIN_SECRETION 0.05 0.255

HALLMARK_SPERMATOGENESIS 0.137 0.259

HALLMARK_ANDROGEN_RESPONSE 0.019 0.292

HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION 0.198 0.293

DNA methylation in fetus of phthalate exposure

Dec 2017



Results

• 25 CpG sites whose methylation levels in cord blood significantly 
correlated with prenatal DEHP exposure

• Significant enrichment of genes showing DNA methylation changes in 
response to exposure involved in:
• Androgen response, 

• Estrogen response, and 

• Spermatogenesis

• PA2G4, HMGCR, and XRCC6 genes were involved in genes in response 
to androgen

• Significant altered DNA methylation sites is related to immune 
function



Sum

• DNA methylation has been hypothesized to be an important 
mechanism in in utero phthalate exposure.

• DNA methylation changes are involved in androgen response, estrogen 
response, protein secretion, and spermatogenesis.

• Three CpG sites (cg00935782, cg07732421, and cg00764560) are 
involved in genes of response to androgen.
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DNA methylation in fetus of phthalate exposure

Chen, Chung-Hsin et al, Environ Res 2018



Arsenic is everywhere

FDA, July & September,2013

Possible Sources: 
Fertilizer/Herbicides/Soil/Water

Juice Rice



Health effects of Arsenic

Naujokas et al. EHP 2013

Bladder cancer

Lung cancer

Peripheral vascular 
disease

Skin cancer

Developmental 
delay

MI
Immune dysfunction



Multiple linear regression (-coefficient) for the associationa between birth 

outcomes with maternal urinary arsenic metabolitesb and DNA damagec biomarkers 

(n = 299).





Post-natal arsenic exposure trajectory



Post-natal arsenic exposure trajectory groups and 
lipid trajectory groups over a 15-year follow-up

Kuo et al. 2018, Environ. Int.



Fetal origins of common diseases

•Fetal origins of cancer, 
cardiovascular disease, allergies, 
asthma, hypertension, diabetes, 
obesity, mental illness — even 
arthritis, osteoporosis & cognitive 
decline

• Intrauterine environment is even 
more important than genes or 
shared eating habits in passing on a 
propensity (i.e. obesity, Kral et al.)

•Through epigenetic modification

http://www.time.com/time/magazine/0,9263,7601101004,00.html


Altered epigenome by Environment

12/23/13 Epigenetics | HudsonAlpha Institute for Biotechnology

www.hudsonalpha.org/education/outreach/basics/epigenetics 2/4

genetics  and  biotechnology.  By  identify-­ing  the  signals  that  turn  genes  “on”  and

“off”,  investigators  hope  to  understand  not  only  gene  function  under  normal

conditions,  but  also  how  improper  on/off  signaling  may  lead  to  disorders  such  as

cancer,  diabetes,  heart  disease  and  obesity.

To  illustrate  the  importance  of  gene  activity,  consider  another  set  of  “twins”  –  in

this  case  two  laboratory  mice.  At  birth,  these  twins,  while  genetically  identical,

look  nothing  alike.  One  has  the  brown-­colored  fur  typically  associated  with  mice

while  the  other  has  yellow  fur.  As  the  yellow  mouse,  also  called  an  “agouti

mouse”  grows  to  adulthood,  it  becomes  obese,  often  developing  diabetes  and

various  types  of  tumors.  The  agouti  gene  responsible  for  these  differences

produces  a  protein  that  regulates  a  number  of  other  genes.  Typically,  the  agouti

gene  makes  this  regulatory  protein  only  briefly  during  mouse  development.  This

quick  period  where  the  agouti  gene  is  “on”  results  in  the  brown  coat  color.  If  the

agouti  gene  is  always  “on”  however,  the  other  genes  are  continually  activated.

Consequently,  the  mice  develop  yellow  fur,  obesity  and  tumors.

Amazingly,  the

difference  between  the

healthy  brown  mouse

and  its  overweight

yellow  twin  is  not  a

change  in  the  DNA

sequence  of  the  agouti

gene.  Instead,  the

difference  stems  from  a

tiny  molecular  tag  made

of  carbon  and  hydrogen.

In  the  healthy  mice,  this  tag,  called  a  methyl  group,  binds  to  the  agouti  gene,

silencing  it  during  the  majority  of  development  (figure  1).  No  methyl  groups  are

present  at  the  agouti  gene  of  the  yellow  mice  and  the  gene  remains  active.  The

cells  of  living  creatures  contain  millions  of  methyl  tags,  working  as  switchboard

operators  to  control  which  genes  are  active  and  which  are  silenced.

Methyl  groups  represent  just  one  of  the  epigenetic  mechanisms  cells  use  to

oversee  gene  activity.  These  mechanisms  account  for  the  very  specific  patterns

of  silencing  and  activation  that  exist  in  every  cell.  For  example,  skin  cells  have

an  activation  pattern  of  genes  different  from  muscle  or  nerve  cells,  based  on

which  genes  have  been  silenced.  It  is  this  unique  combination  of  genes  that  are

“on”  which  leads  to  the  individual  shape  and  specific  work  performed  by  each

cell  type.

The  epigenetic  patterns  can  be  adjusted  as  cells  grow  and  divide  by  altering  the

http://www.hudsonalpha.org/education/outreach/basics/epigenetics



Exp, VEC

Exp, No VEC

No Exp. 

VEC: Vagina epithelial change

Exp: to diethylstilbestrol (DES)

Robert N et al., NEJM 2011



Health Effects in Women Exposed In Utero to DES

Robert N et al., NEJM 2011



Epigenetic inheritance by observing an 
epigenetic change in the 4th generation
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(Perera et al 2011)



DNA Methylation reprograming
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(Perera et al 2011)



Selected environmental exposures which also have 
gene regulatory mechanisms causing effects

DNA

RNA

Protein

Pharmaceuticals
Pesticides (DDE)
Phthalate, BPA, NP
Heavy metals (As)
PCBs, PAHs, Dioxin
Air pollutants
Endg. Hormones
Nutrition
Parental care

Inheritance
Development

Growth

Aging

Gene translocation
Histone modifications
DNA methylation (stable)
DNA repair
Gene copy number
Transposon activation

Transcription

RNA stability
Alternative RNA splicing
miRNA
Retrotransposons

Transcription factors
Protein degradation

Diabetes, obesity
Infertility
Respiratory diseases
Allergies, immune  response
Neurodegenerative disorders
Stress response
Cancer



• Non geno toxic

• High plasticity (i.e. body weight) 

• Sensitive to the environment (i.e. diet)
• Altered gene regulations
• Epigenetics

• Histone modification (acetylation - relaxed & transcriptionally active DNA)
• DNA methylation (silencing) - hypomethylated genes tend to be more 

accessible
• Micro-RNA  (suppressed gene expression)

• Endocrine signaling pathways during development 
predisposition to obesity: EDCs (diethylstilbestrol, bisphenol 
A, phytoestrogens, phthalates, and organotins, tobacco, PAH)

• Risk assessment and disease prevention

32

(Perera et al 2011)



Future perspectives

• Early-life environmental factors may have long-term health effects 
through altered DNA methylations

• Form the Asian consortium on cord blood DNA methylation panel

• Protection of young women and pregnant women

• This deserve big data analysis input for pathway analyses and parallel 
studies 

• Application of precision medicine combining other data on 
pollutions, heath records, biomarkers, etc.

33
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Albert Einstein: Imagination is more important 

than knowledge. For knowledge is limited, 

whereas imagination embraces the entire 

world, stimulating progress, giving birth to 

evolution.



https://unsplash.com/photos/H_a57GKWIMI

https://unsplash.com/photos/1u0B0akEQx0
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https://pixabay.com/en/model-businessman-corporate-2911330/

https://pixabay.com/en/france-mountains-fog-mist-sunrise-1790999/

https://unsplash.com/photos/sEApBUS4fIk
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C2 gene set name inPopulation inStudySet estimate std.error

ST_WNT_BETA_CATENIN_PATHW
AY

34 6 0.9759 0.0013 

SYMBOL Coef. p-value q-value

ANKRD6 0.0037 3.30E-06 2.33E-02

CER1 0.0023 6.25E-05 1.28E-01

AKT1 0.0018 2.03E-04 2.47E-01

NKD1 0.0025 2.39E-04 2.72E-01

DKK3 0.0028 3.98E-04 3.46E-01

NKD2 0.0025 7.07E-04 4.63E-01

• Wnt / β-Catenin Signaling Pathway is active in the biological process 
with probability 0.976, based on model-based gene set analysis (MGSA) 
and C2.all in MSigDB.  

• This pathway has a role in tumorgenicity.

• CpG sites in six genes in this pathway are simultaneously 
hypermethylated when MEOHP exposure is higher. 

Chen  et al.



Transgenerational Chx.



“Rising to high” vs. “Stable high”



Bladder Cancer incidence in Taiwan



Why…How…



Study population I (TMICS – cycle 1)

• Question.

• Demog./SES

• Repro./Med.

• Life-style 

• Diet habit

• Urine, blood, DNA

• B-Pb、S-PFASs

• U-creatinine

• U- phthalates iAs

• U- 8-OHdG, N7-MG

• sIgE

• B-CVD Chemistry

• Hormones

2012~2014 (n=1524)

• Questn.

• Diet, Growth

• Newborn out.

• AGD measurement.

• Cord Blood, DNA, RNA

• Breast milk

• Placenta

• Meconium

• B-Pb, S-PFAS

• IgE, IgA

• Hormone

• DNA methylation

2013～2014 (1270)

• Question.

• Environ. Exp

• Diet Habit

• HOME

• Bayley II

• Tempmt.

• Activity scale

• Urine, Blood, DNA, 
RNA

• U-Phth, B-Pb, U-
Creatinine

• sIgE, 
Inflammation , 
cytokines 

• Hormone

• Biochemistry

2003 -2 yr 


